1. Introduction
===============

Lung cancer is the most common cause of cancer death worldwide, accounting for over 20% of all cancer deaths.^\[[@R1]\]^ It consists of 2 subtypes, small cell lung cancer (SCLC) and nonsmall cell lung cancer (NSCLC) and standard anticancer therapy includes chemotherapy, radiotherapy, and/or surgery.^\[[@R2]\]^ Due to a lack of effective screening, most cases of lung cancer are diagnosed at a relatively advanced stage, and consequently survival is very low (15% five-year survival rate).^\[[@R3]\]^ Identifying additional strategies to reduce lung cancer risk would be of particular relevance for high risk groups such as former smokers, and could have a substantial public health impact.

During the past 50 years, concern has mounted regarding the environmental factors associated with lung cancer, with growing interest in altering factors and reversing this global epidemic. Textile and clothing manufacturing is one of the world\'s largest industries, with women comprising approximately 40% of the workforce.^\[[@R4]\]^ Textile industry exposures that have been investigated in relation to risk of lung cancer include cotton and wool dusts.^\[[@R5]\]^

The relationship between cotton dust exposure and lung cancer has been investigated in many epidemiologic studies, but findings remain inconsistent.^\[[@R6]--[@R11]\]^ Lenters et al^\[[@R12]\]^ combined the results of 11 observational studies in a meta-analysis published in 2010 and found that occupational exposure to endotoxin in cotton textile production was protective against lung cancer \[relative risk (RR) = 0.72, 95% confidence interval (CI): 0.57, 0.90)\]. However, the relatively small number of studies limited the statistical power of the analysis. Since 2008, 4 additional studies on the association between cotton dust exposure and lung cancer have been published.^\[[@R8]--[@R11]\]^

In order to provide a more definitive answer to the role of cotton dust exposure and risk of lung cancer, we carried out a meta-analysis to explore the magnitude and shape of the association between cotton dust exposure and lung cancer risk.

2. Materials and methods
========================

We followed the Meta-analysis of Observational Studies in Epidemiology (MOOSE) checklist to write this systematic review and report the results.^\[[@R13]\]^ All analyses were based on previous published studies, so ethical approval and patient consent were not required.

2.1. Literature search
----------------------

We performed a systematic search of PubMed, EMBASE, and the Cochrane library databases for potential observational studies published before April 2018. The search terms used for the PubMed search included cancer, carcinoma, neoplasms; dust, cotton dust, cotton fiber, and lung. Our search was restricted to studies conducted in humans, and no restriction was imposed with respect to the language of the publications. We also screened the reference lists of relevant reviews and included relevant articles in these lists.

2.2. Study selection
--------------------

Studies that satisfied the following criteria were included in our meta-analysis: the study of adult patients had a cohort, case-cohort, or case-control design; the exposure of interest was cotton dust; the outcome of interest was lung cancer; and reported estimates of relative risk (RR) or hazard ratio (HR) and the corresponding 95% CI of lung cancer. Studies were excluded if: they were cross-sectional or a clinical trial; if the RR was not adjusted for both age and sex; and the study was duplicated.

2.3. Data abstraction
---------------------

Two reviewers independently reviewed the full text of selected eligible studies, and extracted the following information: the first author\'s name, publication year, study type, country of origin, study population, exposure assessment, duration of follow-up, source of controls, number of lung cancer cases, RR and 95% CI, and adjustment variables. Any discrepancy was resolved through discussion to reach consensus between the 2 authors. When necessary, the original authors were contacted for supplementary information.

2.4. Assessment of study quality
--------------------------------

Quality assessment was performed in accordance with the Newcastle-Ottawa scale (NOS) for nonrandomized studies.^\[[@R14]\]^ A score of up to 9 stars was assigned to each study: participant selection (up to 4 stars), comparability of study groups (up to 2 stars), and assessment of outcome or exposure in the cohorts (up to 3 stars). A higher score represented better methodological quality. We regarded scores of 0--3, 4--6, and 7--9 as reflecting low, moderate, and high quality, respectively.

2.5. Statistical analysis
-------------------------

Multivariate-adjusted outcome data were used for analysis, and HRs and incidence rate ratios were considered to approximate RRs. We converted these values in every study by using their natural logarithms and calculated the standard errors from these logarithmic numbers and their corresponding 95% CIs. Results were expressed as RRs with 95% CIs (a fixed-effect approach was used, unless there was significant heterogeneity, in which case a random-effects statistical model was used).^\[[@R15]\]^ Study heterogeneity was explored using tau^2^ and the amount of variance in the summary effect due to between-study heterogeneity, which was defined by *I*^2^. This was considered statistically significant at the *P* \< .10 level, as determined by Cochran\'s Q statistical test.^\[[@R16]\]^ To explore possible explanations for heterogeneity and to test the robustness of the association, we conducted sensitivity analyses and stratified analysis by sex.^\[[@R17]\]^ We also performed the Egger test and constructed funnel plots to visualize a possible asymmetry.^\[[@R18]\]^ In the case of publication bias, the "nonparametric trim-and-fill" method was used to compute for risk estimates corrected for this bias.^\[[@R19]\]^ All statistical analyses were performed using the Stata version 11 (Stata Corporation, College Station, TX). Except where noted otherwise, differences with a *P* value \< .05 were considered significant.

3. Results
==========

3.1. Literature search and characteristics
------------------------------------------

Our search strategy identified 127 potentially relevant articles, the titles and abstracts of which were screened for inclusion. The full texts of 22 articles were retrieved, of which 15^\[[@R6]--[@R11],[@R20]--[@R28]\]^ met the inclusion criteria (Fig. [1](#F1){ref-type="fig"}). Reasons for exclusion of the remaining articles included: the outcome was not lung cancer (n = 1), review or meta-analysis (n = 3), or without available data (n = 3). Finally, the present meta-analysis included results from 15 observational studies (5 case-control studies, 8 retrospective studies, and 2 case-cohort study).^\[[@R6]--[@R11],[@R20]--[@R28]\]^ Fifteen studies on the relationship between cotton dust exposure and lung cancer incidence (73,812 individuals) were published between 1973 and 2018 (Table [1](#T1){ref-type="table"}). Five studies were conducted in China,^\[[@R8],[@R9],[@R22],[@R25],[@R28]\]^ 7 in Europe,^\[[@R6],[@R7],[@R11],[@R23],[@R24],[@R26],[@R27]\]^ and 3 in North America.^\[[@R10],[@R20],[@R21]\]^ Of the 15 studies, 6 studies reported outcomes for males and females separately,^\[[@R6],[@R8],[@R9],[@R22],[@R23],[@R26]\]^ while 5 provided data for both sexes combined.^\[[@R6],[@R7],[@R10],[@R11],[@R22]\]^ All articles were graded as moderate or high quality according to the NOS (the online-only Table [2](#T2){ref-type="table"}).
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Quality assessment of included studies using the Newcastle-Ottawa scale.
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3.2. Cotton dust exposure and risk of lung cancer
-------------------------------------------------

The multivariable adjusted RRs of lung cancer incidence in relation to cotton dust exposure from individual studies and the combined RR are presented in Figure [2](#F2){ref-type="fig"}. Combining estimates from all the 15 observational studies, cotton dust exposure was associated with a decreased risk of lung cancer (combined RR, 0.78; 95% CI, 0.66--0.91; *P* = .002). Substantial heterogeneity was observed (*P* \< .001; *I*^*2*^ = 71.3%). Pooled estimates of multivariate RRs by gender were 0.71 (95% CI, 0.58--0.88; *P* = .001) among males, based on 7 studies, and 0.77 (95% CI, 0.67--0.89; *P* \< .001) among females, based on 9 studies. The forest plots of multivariate RRs and 95% CI for lung cancer incidence and cotton dust exposure were shown in Figure [3](#F3){ref-type="fig"}.
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3.3. Sensitivity analysis and publication bias
----------------------------------------------

The robustness of our results was evaluated by sensitivity analysis. Examining the influence of a single study on the results by omitting a study at each turn yielded a range of RR from 0.74 to 0.82 (Fig. [4](#F4){ref-type="fig"}). There was no evidence of publication bias among studies for lung cancer incidence using Egger test (*P* = .731) or Begg test (*P* = .882) (Fig. [5](#F5){ref-type="fig"}).
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3.4. Meta-regression
--------------------

Since there was significant heterogeneity among individual studies, a univariable regression was conducted to explore the predefined possible source of heterogeneity under lung cancer incidence. The results of regression suggested that sex, study type, and quality score were not significant sources of heterogeneity (data not shown).

4. Discussion
=============

The present meta-analysis provided additional evidence about the association of cotton dust exposure and risk of lung cancer. The current analysis indicated that cotton dust exposure was associated with a decreased risk of lung cancer.

We used NOS score to assess the study quality and all studies had a moderate or high-quality. As the sample size of each primary single study was relatively small, our meta-analysis increased the statistical power to detect a possible association between cotton dust exposure and lung cancer risk and further determined a precise risk estimation. However, potential limitations should be considered. First, one limitation of our meta-analysis was the observational design of the included retrospective cohort and case-control studies, which have the potential of selection bias. Second, the potential biases were not excluded and the dose--response analysis were not conducted owing to the different methods used to assess cotton dust exposure^\[[@R6]--[@R9],[@R11],[@R21]--[@R23],[@R28]\]^ and restricted cubic splines with 3 knots at fixed percentiles of 10%, 50%, and 90% of the distribution of cotton dust exposure were not available.^\[[@R10],[@R20],[@R24]--[@R27]\]^ Third, in spite of some important confounders seeming unlikely to alter the role of cotton dust exposure on the decrement of lung cancer risk based on our sensitivity analysis of adjustments, other factors potentially accounted for the observed association cannot be ruled out (e.g., diet, smoking habits, physical activity, or other occupational exposures).^\[[@R29]\]^ Fourth, cotton dust exposure time has different lung cancer incidence overall, while there are not enough data to perform work time subgroup analysis. Finally, though the meta-analysis is based on 15 studies with 73,812 people, the populations considered are only in Lithuania, Italy, China, Canada, and France. Further epidemiological studies are required to evaluate the cotton dust exposure and risk of lung cancer in more countries worldwide.

Few epidemiological studies have focused on the association between occupational exposure to textile dust and lung cancer risk.^\[[@R6]--[@R11]\]^ A published meta-analysis including 11 observational studies reported a significant inverse association between occupational exposure to endotoxin in cotton textile production and the lung cancer risk.^\[[@R12]\]^ However, they found substantial heterogeneity between studies, possibly due to inadequate adjustment for smoking and other occupational exposures that could lead to residual confounding.

Since the 1970s, epidemiologic studies have reported a reduced risk of lung cancer among textile workers.^\[[@R20],[@R21]\]^ One of the largest studies on textile workers has been conducted by Checkoway et al^\[[@R8]\]^ in a cohort of women in Shanghai. They found an inverse exposure-response relation between cumulative exposure to endotoxin and lung cancer.^\[[@R8]\]^ Similar to the case-cohort study conducted by Checkoway et al, a population-based case-referent study found that long-term exposure to cotton dust seemed to be protective lung cancer.^\[[@R9]\]^ Additionally, in a large retrospective cohort, Mastrangelo et al^\[[@R7]\]^ found that a high and prolonged exposure to cotton dust and other endotoxin-containing organic dusts was related to a lower risk of lung cancer. Consistent with the results of the above observational studies, our meta-analysis also found that cotton dust exposure was associated with a decreased risk of lung cancer. Most previous studies of cotton exposed workers had no or little information available on smoking habits.^\[[@R10]\]^ The validity of the smoking data is questionable since the RR estimates for smoking and lung cancer were quite low compared with other studies that have estimated relative risks among female smokers. However, very low cumulative smoking might explain this weak association.

Despite extensive research, it remains unclear whether the association between cotton dust and subsequent lung cancer incidence is causal. Several points that may help further our understanding of this association merit considerations. An argument supporting a role for endotoxin in decreasing lung cancer risk is that lung cancer deficits have not been consistently observed in other (noncotton) types of mills, in which exposure to endotoxin is lower.^\[[@R12]\]^ Additionally, endotoxin levels are minimal in synthetic textile dusts, although levels slightly elevated compared to background levels have been documented in some mills due to contamination of humidification and lubricant mist systems.^\[[@R30]\]^ Endotoxin exposure is possibly beneficial with respect to reducing lung cancer risk. However, it should be noted that studies indicate that acute exposure to cotton dust can cause chest tightness, organic dust toxic syndrome and byssinosis, and long-term exposure is associated with accelerated decline in lung function and chronic respiratory disease.^\[[@R31]--[@R33]\]^ The lipid-A portion of endotoxin has been found to suppress tumor growth in animal models.^\[[@R34]\]^ Explanations and evidence for plausible mechanistic pathways are limited. It seems that removing exposure---when farmers quit farming, or switch to a farming type with purportedly lower endotoxin exposures---causes deficits in lung cancer risk to disappear over time.^\[[@R35],[@R36]\]^

Some limitations should be acknowledged. Some of the included studies were older, making data extraction more complicated. For instance, in Table [1](#T1){ref-type="table"}, the "No. of cases" from the Henderson study is not the number of cases but the expected number of cases. The "Study population" of the Levin study is the total number of cases in cotton industry workers plus controls. Therefore, the results of the present meta-analysis should be taken with some caution in light of those limitations.

5. Conclusions
==============

Our meta-analysis, based on 15 observational studies, indicated that cotton dust exposure is associated with a decreased risk of lung cancer. Future research should investigate the dose--response relationship between cotton dust exposure and risk of lung cancer and focus on possible sources of heterogeneity in this relation.
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